Abstract: Using Pearson correlation coefficient a statistical analysis of Duane-Hunt and Kulenkampff's measurement results was performed. This analysis reveals that empirically based Duane-Hunt's law is not entirely consistent with the measurement data. The author has theoretically found the action of electromagnetic oscillators, which corresponds to Planck's constant, and also has found an alternative law based on the classical theory. Using the same statistical method, this alternative law is likewise tested, and it is proved that the alternative law is completely in accordance with the measurements. The alternative law gives a relativistic expression for the energy of electromagnetic wave emitted or absorbed by atoms and proves that the empirically derived Planck-Einstein's expression is only valid for relatively low frequencies. Wave equation, which is similar to the Schrödinger equation, and wavelength of the standing electromagnetic wave are also established by the author's analysis. For a relatively low energy this wavelength becomes equal to the de Broglie wavelength. Without any quantum conditions, the author made a formula similar to the Rydberg's formula, which can be applied to the all known atoms, neutrons and some hyperons.
I. INTRODUCTION *
This article is about testing Duane-Hunt's law, which was derived empirically, as well as its comparison with the alternative law, which is derived theoretically. The concept of this study is to compare Duane-Hunt's law with the measurement data, and then to compare the same measurement data with the alternative law. One of these two laws will better match the measured results. The law that better agrees with the measurements will be declared a successful law.
An important step in the realization of this article was to collect reliable experimental data. This was successfully done using the original data Duane-Hunt and Kulenkampff measured. William Duane had foreshadowed the discovery of "Duane-Hunt law" at the Philadelphia meeting of American Physical Society in December 1914, [1] . At the * milan@drives.hr Washington meeting of this Society in April 1915, Duane and Hunt announced the celebrated "Duane-Hunt law". This law states that there is a sharp upper limit to the x-ray frequencies emitted from a target stimulated by impact of electrons. This frequency is determined by the equation h eV ν =
, independently of the material of the target; where ν is the maximum frequency of emitted radiation, e is the charge of the electron, h is Planck's constant, and V is the total difference of potential through which the exciting electrons have fallen. Duane's physical intuition convinced him that his law could be used as a more accurate method of determining Planck's h, or more strictly h/e, than any previously used. In February 1936 R. T. Birge, well known to the physicists from 1929 for his work in establishing the best value of the physical constants, analyzing the overall situation of the fundamental physical constants, stated that of the six known methods of determining h/e, by far the most accurate is the method of determining the Duane-Hunt limit of the continuous spectrum.
However, in March 2000, I found the alternative law, [2] . This paper aims to show that the alternative law better matches with the measurements than Duane-Hunt's law. The difference between these two laws is not large at low voltages, but increases at high voltages. The comparison between Duane-Hunt's and my law is made in a wide range of voltages, between 7 000 and 32 250 V. My theoretically derived alternative law proved to be more accurate than Duane- 2 , and I will present it here in the short review form. The contribution of this article with respect to the previous is that the electromagnetic energy in the interior of atoms, mentioned in Ref. 2 , treated here as the energy of a standing electromagnetic wave.
II. THEORETICAL TREATMENT
The usual solution of Maxwell's equations in a limited space is a standing electromagnetic wave, [3] . This limited space can also be any atom. The existence of electromagnetic waves in the atom results in an interaction between waves and electrons. This interaction lead to quantization of the atom, [4] , but quantization is beyond our interest in this article.
At the moment when the electrical energy of standing wave is on the maximum, the magnetic energy of this wave is zero, and vice versa, at the moment when the magnetic energy of standing wave is on the maximum, the electric energy of this wave is zero. Furthermore, the standing wave does not transmit energy through space, because the average active power is zero. This means that energy of standing wave oscillates with a circular frequency ω at the same location. We conclude that the energy of standing wave behaves in the same way as the energy in the LC oscillatory circuit. We come to the same conclusion through the wave equation of electromagnetic fields and Lecher's transmission lines. Namely, the equations of transmission line also give the above-mentioned standing wave, [5] , which acts as the energy in the LC circuit. Therefore transmission line may represent a model for standing wave in the atom. According to Ref. 6 , natural angular frequency of short transmission line,
is the same as the natural angular frequency of LC circuit, [7] . Therefore, transmission lines, or LC circuits, can be used as a model for the describing the electromagnetic energy of standing waves in the atom. For this model to be real, it is necessary that parameters (e.g., L, C, δ, ρ), and variables (e.g., charge
) of transmission line, i.e., LC circuit, are linked to the parameters (e.g., q, Q, m, ε, μ) and the variables (e.g., a r , v , E, K, U, em E ) of atoms (Note: the aforementioned symbols will be explained later). Therefore, we must inspect closely the detailed Lecher's transmission line. A transmission line consists of two parallel perfect conductors with constant cross sections (twin-lead). Current flows down one conductor and returns via the other. Inductance per unit length L' and the capacitance per unit length C' are, [8] ,
where μ and ε are the magnetic permeability and the dielectric constant of the medium surrounding the conductors ( ), ρ is the radius of each conductor and δ is the distance between the conductors (see Lecher line, Fig. 1 ). The product of L' and C' , when the distance δ is much larger than the radius ρ , is, [9] :
Using (2) and (3), the characteristic impedance of LC circuit, as well as the characteristic impedance of the Lecher's line reads:
where σ from a mathematical point of view is a function of / δ ρ ,
. (6) From the physical point of view σ is a coefficient dependent on the parameters / δ ρ of the structure of transmission lines, so we will call it structural coefficient (see Fig.1 ). Natural frequency of electromagnetic oscillator is determined by (1), i.e.,
This means that the oscillatory period of a LC oscillator is equal to
Electromagnetic energy of an LC circuit, em E , theoretically can be presented as the electrical energy stored in a capacitor that has a capacitance equal to C and a maximum charge equal to Ĉ Q (or magnetic energy stored in a coil that has inductance equal to L and maximum current equal to L I ):
where
is action of electromagnetic oscillators, defined as the product of energy, em E , and period, T, of the LC oscillator:
From Newton's second law, F=ma, we substitte a=v 2 /r a and Coulomb's law for F, and also from reletivistic mass we obtain: 
where a r is the radius of the atom, q is the charge of the electron ( q e = − , 
and, using (13) , noting that an electron is of opposite charge of the nucleus, the potential energy of electrons is 
Thus, the electromagnetic energy, em E , (see Fig. 2 ) is equal to the total mehanical energy E with negative sign,
1 1
When the electromagnetic wave leaves the atom it carries out the energy em E , and vice versa, when it enters the atom, it brings in the same energy. This means that due to the reduction of energy em E , the atom should be compensated with equally large energy eV :
From the expressions (16) and (17) we obtain 
Using (13), (18), and (19), we obtain 
while from (21) we obtain eV using (9) and (17) 
Hence, we obtain Diophantine equation
which has many solutions. These solutions are pairs (x, y) of numbers, i.e., (0,0), (1,1), (-1,1), (2,4), (-2,4), (3,9),
Thus, we get the following mathematically possible solutions:
Charge Ĉ Q by expression (27) depends on the variables n , q , Q , V and the constants e , m and c . In a closed system, what we observe, the variables n , q and Q are fixed ( q unchanging = , Q unchanging = , and for natural solution we choose 1 n = ). The only remaining variable is the voltage V . Then, we finally get variable Ĉ Q ,
and parameter C,
Using (5), (7), (22) and (30) we get the following, which is similar to the expression (9): 
where 
From (38) we determine: (Fig. 3) . From (6) and (40) Table I ). The relationships in terms of structure constant 0 p are seen once again on Fig. 5 , which was created by consolidating the Fig. 1 and Fig. 4 .
From (31) follows eV Aν = , and using (33) we get: 
III. STATISTICAL PROCESSING
Now, we move on to the statistical processing. As stated in Ref. 12, between two random variables, the correlation is a measure of the extent to which a change in one tends to correspond to a change in the other. The correlation is high or low depending on whether the relationship between the two variables is close or not. If the change in one corresponds to a change in the other in the same direction, there is a positive correlation, and there is a negative correlation if the changes are in opposite directions.
Independent random variables have zero correlation. Zero correlation also always appears when the results from the correct theory, theor 
In the case of dependent variables 2 Y , subtrahend 2 theor ν in Table II is specified by alternative law, (43), i.e., 
Now all these parameters can be included in (45). Thus, we obtain, in the case of Duane-Hunt's law, correlation coefficient 1 r :
In the same way we obtain, in case of alternative law, correlation coefficient 2 r : 
When we subtract the results of correct theory (means a theory that is consistent with the measurements) from the results of measurement, only independent random variables remain. Its correlation coefficient should be around zero. So, a big correlation coefficient of 1 0.97 r = specifies that the empirically derived Duane-Hunt law, (44), does not have correct functional dependence. Therefore, the correct functional dependence, with a correlation coefficient around zero, 2 0.08 r = − , is determined by alternative law, i.e., Eq. (43).
Regression equation,
is determined using least squares and calculated, [16] : 
and in the case of the alternative law, Increased deviation of measurement results in relation to the Duane-Hunt's law is expected at higher voltages. These deviations we checked from 7 kV to 32.25 kV. Now, it would be desirable to create and test voltages significantly higher than that.
Here, we present an alternative law, which is strictly based on theoretical grounds. This alternative law fully complies with the measurement results and successfully replaces empirically derived Duane-Hunt's law. 
IV. OTHER IMPLICATIONS OF THE ALTERNATIVE LAW
Furthermore, from (17) and (43) we get the general relativistic expression for the energy of electromagnetic waves emitted or absorbed by the atom, 
From (9) and (66) follows the action of electromagnetic oscillators:
We see that the action of electromagnetic oscillators, A, is not constant. This suggests that Planck's h probably is not constant for all frequencies ν .
Momentum of electromagnetic wave, 
i.e.,
where λ is the wavelength of the electromagnetic wave.
On the other hand, in accordance with the law of conservation of momentum, the momentum of electrons is equal to the momentum of the electromagnetic wave,
From the expression (72), and using (9), (18), (20) , (22) , and (33), we obtain 
On the other hand, Maxwell's equations also require the following relation to be satisfied
Here R is Rydberg's constant: Noting that the number s in my model may be less than 1, it means that energy and frequency can be higher than those in the ground state 1 s = . E.g., for the ground state of hydrogen atom, s = 1, while for neutrons and for some of the hyperons s is significantly less than 1, (see Table III ), [20] . For determining the state of particles Table III 
and relativistic expression for the mass of an electron in 
V. CONCLUSION
Analyses of the Duane-Hunt's and Kulenkampf's measurement results confirm that the Duane-Hunt's law should be corrected. As a consequence Planck-Einstein's relation, de Broglie wavelength and Schrödinger's equation should also be corrected. This article proposes a solution for each of them, i.e., Duane-Hunt's law should be replaced with the expression (43), Planck-Einstein's relation with the expression (66), de Broglie's wavelength with equation (73), and, finally, Schrödinger's equation should be replaced with one of the corresponding equations (90) to (97). All these solutions were obtained using classical physics. 
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